An environmentally friendly and highly efficient procedure has been developed for the selective synthesis of 2-aryl-5,6-dihydro-4H-1,3-oxazines and 2-aryl-1,4,5,6-tetrahydropyrimidines by cyclocondensation of arylnitriles with 3-amino-1-propanol and 1,3-diaminopropane in the presence of catalytic amounts of H 3 PW 12 O 40 under thermal conditions and MW irradiation. Under the same reaction conditions, dicyanobenzenes are transformed to their corresponding mono-oxazines and monotetrahydropyrimidines with excellent chemoselectivity. These reactions are simple and clean, giving the products in high yields and high purity. The catalyst can be easily recovered after the reaction and reused efficiently in subsequent runs.
Introduction
The development of efficient and selective synthetic transformations in one operation is a major challenge in modern organic synthesis. 5,6-Dihydro-4H-1,3-oxazine and 1,4,5,6 tetrahydropyrimidine derivatives are of importance because of the broad spectrum of their biological and physiological properties such as choline acetyl transfer inhibitory [1] , muscarinic agonist [2] , antihypertensive [3] , antidepressant [4] , antiviral [5] , and antibacterial [6] activities. These heterocyclic compounds have also been used as protecting groups [7] , as monomers for polymer synthesis [8] , and as precursors for the synthesis of a variety of functional groups in organic chemistry [9, 10] . Thus, the synthesis of 1,3-oxazine and tetrahydropyrimidine derivatives is in considerable demand.
Several methods for the preparation of 2-substituted 5,6-dihydro-4H-1,3-oxazines and 1,4,5,6-tetrahydropyrimidines have previously been reported [11 -24] . However, some of these methods are associated with certain drawbacks such as harsh reaction conditions, the use of complex or toxic reagents, low yields of the products and long reaction times. Therefore, there is still a need to develop convenient and chemoselec-0932-0776 / 10 / 0400-0461 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com tive synthetic methods for 1,3-oxazines and tetrahydropyrimidines (without using organic solvents) in terms of economic benefit, environmental impact and safety.
Microwave-assisted organic synthesis (MAOS) is a powerful technique that is being used more and more to accelerate thermal organic reactions. This is a consequence of the selective absorption of microwave energy by polar molecules or polar transition state intermediates formed in the course of the reaction. The notable features of the microwave approach are enhanced reaction rates, formation of purer products in high yields and easier manipulation [25, 26] . The use of solid acid catalysts with microwave irradiation provides even more benign processes.
In recent years, the use of Keggin-type heteropoly acids (HPAs) as heterogeneous and homogeneous catalysts has received considerable attention in synthetic organic chemistry [27 -30] . Heteropoly acid catalysts have many advantages such as reusability, noncorrosive properties, easy handling, non-toxicity, easy work-up, and high stability toward air and moisture, which make them economically and environmentally attractive. Among heteropoly acids, tungstophosphoric acid (H 3 PW 12 O 40 ) is the most widely used catalyst Scheme 1. because of its high acid strength, low reducibility and selective action [31 -33] .
Recently, we have reported the synthesis of oxazolines, imidazolines and thiazolines in the presence of bulk and supported H 3 PW 12 O 40 under solvent free conditions [34, 35] . In continuation of our efforts to develop new synthetic methods for important organic compounds [36, 37] , we now report a novel, efficient and environmentally benign method for the selective synthesis of 2-aryl-5,6-dihydro-4H-1,3-oxazines and 2-aryl-1,4,5,6-tetrahydropyrimidines using H 3 PW 12 O 40 as a reusable heterogeneous catalyst under thermal conditions and under microwave under irradiation (Scheme 1).
Results and Discussion
Initially, the reaction of 4-cyanopyridine with 3-amino- 1-propanol ( Table 1 , entry 10). In the reaction of 4-cyanopyridine with 1,3-diaminopropane, the best yield of the corresponding tetrahydropyrimidine was also obtained under the same reaction conditions.
Under the optimized conditions, the H 3 PW 12 O 40 -catalyzed cyclocondensations of various aromatic and heteroaromatic nitriles with 3-amino-1-propanol and 1,3-diaminopropane were investigated. All the reactions proceeded smoothly to give the corresponding 2-aryl-5,6-dihydro-4H-1,3-oxazines ( Table 2 , entries 1 -9) and 2-aryl-1,4,5,6-tetrahydropyrimidines (Table 3 , entries 1 -8) in high yields.
In order to expand the scope of this method further, the reactions of dinitriles with 3-amino-1-propanol and 1,3-diaminopropane were also examined. The experimental results show that dinitriles were converted to their mono-oxazines (Table 2 , entries 10 and 11) and mono-tetrahydropyrimidines (Table 3 , entries 9 and 10) with excellent selectivity even in the presence of a large excess of 3-amino-1-propanol and 1,3-diaminopropane or upon elongation of reaction times (Scheme 2). Chemoselective transformation of dinitriles to mono-oxazines and mono-tetrahydropyrimidines is of practical importance because the remaining nitrile group can be converted into other important functional groups. It is also noteworthy that alkylnitriles did not afford the corresponding 2-substituted oxazines and tetrahydropyrimidines under the same reaction conditions. These results indicate that the present protocol is potentially applicable for the chemoselective conversion of arylnitriles to their 1,3-oxazines and tetrahydropyrimidines in the presence of alkylnitriles. To explore the selectivity of this method further, we have also investigated the competitive reac- tion of 3-bromobenzonitrile and cyclohexanecarbonitrile with 3-amino-1-propanol and 1,3-diaminopropane in the presence of the catalyst. The results showed that only 3-bromobenzonitrile reacted, whereas cyclohexanecarbonitrile remained intact in the reaction mixture (Scheme 3). Such a selectivity can be considered as a useful practical achievement in the synthesis of 1,3-oxazines and tetrahydropyrimidines. In order to decrease the reaction time, microwave irradiation was used in these reactions. The reaction of 4-cyanopyridine with 3-amino-1-propanol was selected as a model optimize the reaction conditions. First, we performed this reaction in the absence of the catalyst, and 4-cyanopyridine (1 mmol) was reacted with 3-amino-1-propanol (4 mmol) directly under microwave irradiation with the power set at 800 W. Only 17 % of the product was obtained after 4 min at 85 • C. The reaction in the presence of 0.012 mmol of H 3 PW 12 O 40 was complete after 3 min, giving the corresponding 1,3-oxazine in 97 % yield. When the amount of the catalyst was decreased (0.005 and 0.009 mmol), the reaction proceeded more slowly, and the yields of the 1,3-oxazine were reduced to 56 and 79 %, respectively, even when the reaction was carried out for 4 min at 85 • C. Reaction temperature played a crucial role in this microwave-assisted reaction. We found that the increase of the temperature from 40 to 85 • C increased the yield from 32 to 97 %. The effect of the reaction time was also examined. It was found that as the reaction time was extended from 1 to 3 min, the yield of the desired product improved from 45 to 97 %. However, the yield was not affected when the reaction time exceeded 3 min. We also examined the molar ratio of 4-cyanopyridine to 3-amino-1-propanol. It was found that increasing the molar ratio from 1 : 2 to 1 : 4 increased the yield of the expected 1,3-oxazine from 50 to 97 %. Finally, we investigated the effect of the microwave irradiation power in this reaction. It was found that the yield of the desired product increased from 60 to 97 % when the microwave power was increased from 600 to 800 W. Therefore, 1 : 4 : 0.012 molar ratios of 4-cyanopyridine, 3-amino-1-propanol and H 3 PW 12 O 40 and a power of 800 W at 85 • C were found to be the optimal conditions. In the reaction of 4-cyanopyridine with 1,3-diaminopropane, the best yield of the corresponding tetrahydropyrimidine was obtained with an irradiation power of 1000 W at 100 • C.
Similarly, various aromatic and heteroaromatic nitriles reacted with 3-amino-1-propanol and 1,3-diaminopropane in the presence of catalytic amounts of H 3 PW 12 O 40 , and the corresponding 1,3-oxazines ( Table 2 , entries 1 -9) and tetrahydropyrimidines (Table 3, entries 1 -8) were obtained in high yields. Inspection of the data in Tables 2 and 3 shows that the yields of the reactions under thermal conditions and microwave irradiation are comparable, but under microwave irradiation, the reaction times are considerably shorter. Chemoselective transformation of dicyanobenzenes to their mono-oxazines (Table 2 , entries 10 and 11) and mono-tetrahydropyrimidines (Table 3, entries 9 and 10) (Scheme 2) and selective conversion of arylnitriles to their 1,3-oxazines and tetrahydropyrimidines in the presence of aliphatic nitriles (Scheme 3) were also achieved under microwave irradiation.
Finally, the possibility of recovering and reusing of the catalysts, which is very important from practical and economical points of view, was examined for the reaction of 4-cyanopyridine with 3-amino-1-propanol. After completion of the reaction, cold EtOH (15 mL) was added, and the catalyst was separated by filtration. The recovered catalyst could be reused nine times without any loss of catalytic activity (Table 4 ).
In conclusion, we have developed a novel and highly efficient method for the synthesis of 1,3-oxazines and tetrahydropyrimidines using H 3 PW 12 O 40 as a heterogeneous catalyst under thermal conditions and under microwave irradiation. The commercial availablity, non-toxicity and reusability of the catalyst, a simple experimental procedure, excellent chemoselectivity, short reaction times and high yields are the main advantages of the present method.
Experimental Section
Melting points were obtained with a Stuart Scientific apparatus and are uncorrected. Yields refer to isolated products. 1 H-and 13 C-NMR (500 and 125 MHz) spectra were recorded on a Bruker-Avance AQS 500 spectrometer in CDCl 3 using TMS as internal standard. IR spectra were recorded on a Shimadzu IR-435 spectrophotometer. Mass spectra were obtained on a platform II spectrometer from Micromass; EI mode at 70 eV. The microwave system used in the experiments includes the following items: Micro-SYNTH labstation, complete with glass door, dual magnetron system with pyramid-shaped diffuser, 1000 W delivered power, exhaust system, magnetic stirrer, "quality pressure" sensor for flammable organic solvents, ATCFO fiber optic system for automatic temperature control.
General experimental procedure for the synthesis of 1,3-oxazines and tetrahydropyrimidines under thermal conditions
A mixture of arylnitrile (1 mmol), 3-amino-1-propanol or 1,3-diaminopropane (4 mmol) and H 3 PW 12 O 40 (0.012 mmol) was stirred at 125 • C for the appropriate time according to Tables 2 and 3 . The progress of the reaction was monitored by TLC (eluent: ethyl acetate/n-hexane, 4 : 1). After completion of the reaction, the mixture was cooled to room temperature, and cold EtOH (15 mL) was added. The catalyst was separated by filtration. The filtrate was evaporated, and the crude product was purified by column chromatography on neutral alumina to afford pure products.
General experimental procedure for the synthesis of 1,3-oxazines and tetrahydropyrimidines under microwave irradiation
A mixture of arylnitrile (1 mmol), 3-amino-1-propanol or 1,3-diaminopropane (4 mmol) and H 3 PW 12 O 40 (0.012 mmol) was subjected to microwave irradiation at the required power level according to the optimized conditions for the appropriate time (Tables 2 and 3 ). After completion of the reaction (TLC), the mixture was cooled to r. t., and cold EtOH (15 mL) was added. The catalyst was separated by filtration. The solvent was evaporated, and the residue was purified by column chromatography on neutral alumina to give pure product. 
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